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ABSTRACT
THE EFFECT OF COMPUTER ASSISTED INSTRUCTION IN IMPROVING 
MATHEMATICS PERFORMANCE OF LOW ACHIEVING NINTH GRADE 
STUDENTS
Thomas E. Bailey, ED.D.
The College of William and Mary in Virginia, D ecem ber 1991 
Chairman: Dr. G. William Bullock, Jr.
The purpose of this study w as to determ ine w hether com puter 
a ssis ted  instruction of m athem atics produces significantly g rea ter 
improvement in m athem atics perform ance of low achieving ninth 
grade studen ts than teaching m athem atics skills without com puter 
a ss is te d  instruction.
The sam ple consisted of four c lasses (N=46) of ninth grade 
students who had registered for the  course "Mathematics Nine," and 
whose eighth grade ITBS scores fell between th e  1st and 30th 
national percentile. Identified students were randomly assigned  to 
one of four instructors and one of two instructional groups 
(computer assisted  instruction or non com puter instruction). Two 
c la sse s  with different instructors were taught th e  standard  9th 
grade m athem atics curriculum augm ented  with com puter instructed 
drill and practice, simulation, and gam es. Two c la sses  with 
different instructors were taught the standard 9th g rade  
m athem atics curriculum with the conventional (teacher directed) 
instructional technique without com puter assis ted  instruction. The 
treatm ent group used 16 Apple lie microcomputers. T reatm ent and 
control groups were taught at alternating periods 3rd through 6th
9
for 50 minutes daily. The Iowa T est for Basic Skills m athem atics 
sub test and the  Test of Achievement and Proficiency m athem atics 
sub test were adm inistered to all studen ts as p retest-posttest 
m easures of student performance in mathematics. A system  wide 
standard exam was administered first and second sem ester to 
a s se s s  student performance in term s of the  divisions 
mathematic program and a s  multiple indicators of treatm ent effect.
The major findings of the study were:
1. Significant differences (p <.05) in total m athem atics 
achievem ent gains w ere found between students receiving computer 
assisted  instruction and  those not receiving CAI. S tudents receiving 
CAI increased mean scores on ITBS/TAP from the  11th percentile to 
the 30th percentile.
2. No significant differences (p <.05) in computation, 
concepts, and problem solving achievem ent gains- were found 
betw een studen ts receiving com puter assisted  instruction and those 
not receiving CAI.
3. No significant differences (p <.05) were found in the 
performance of the non-computer and  the com puter groups on the 
division city-wide exam s.
1 0
Chapter 1 
In troduction
During the 1980's, microcomputer u se  increased in American 
c lassroom s a s  over two million m icrocom puters becam e part of the 
available educational aids. With the  increase of microcomputer use, 
cam e the  requirem ent or recom m endation for inservice program s for 
prospective teachers and current staff to enhance their 
understanding of the technology related to the use of com puters. 
Many prospective teachers have been asked  to comment on their 
experience and training in the use of com puters. Just how this 
technology can and should be used to impact on students has 
received diverse reactions. Although som e educators cite the 
research  of Kulik, Bangert, and Williams (1983); Ragosta, Holland, 
and Jam ison (1982) in showing the  effectiveness of computer 
a ss is ted  instruction (CAI), others question  whether findings of such 
research  may be generalized to the  typical school with one computer 
per 50 or more students. M.I.T. Com puter Professor Joseph 
W eizenbaum se e s  the computer en thusiasts a s  having no sense  of 
limits. To asse rt that all human knowledge is encodable in term s of
1 1
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zeros and on es is philosophically difficult for him to accept. 
W eizenbaum  believes that to think this way is in effect suggesting 
that the  whole world is m ade to seem  computable. Bear (1984) 
su g g ests  that few educato rs actually know the impact that 
com puters have within the educational environment in improving 
learning. School system  administrators are cautioned to examine 
systematically the impact of CAI on student learning and to develop 
program changes based  on the data  collected. Until critical 
attributes of CAI with microcomputers can be determined, Ebel 
(1982) argues one would be wise to use microcomputers in 
association with the existing knowledge of school and teacher 
e ffe c tiv e n e ss .
In a  more positive context, Smith (1973) concludes that CAI 
facilitates realistic s tuden t attitudes and reduces the fear of 
failure by individualizing the delivery and content of instruction.
He observed that studen ts have an overwhelming enthusiasm  for CAI 
program s as evidenced by prompt attendance, disappointment in 
com puter down time, and  by expressions of support for change from 
class routine. Kinnaman's (1990) research d a ta  lends support to
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Sm ith's findings. After synthesizing a  decade of CAI research 
findings and eliminating studies with problem s in design, Kinnaman 
(1990) a sse rts  the  data  shows positive results from the use of 
com puter technology in the classroom. Kinnaman (1990) suggests 
the following generalizations. In classroom s where som e type of 
com puter assistance  is used, pupils learn more. Students receiving 
instructional help from com puters respond very positively to the 
instruction. There is no significant attitude change toward subject 
m atter when using computers, and achievem ent gains are fairly 
consistent when com puters are used a s  a  supplement to regular 
classroom  instruction, and achievem ent findings are mixed, however, 
when CAI is substituted for conventional instruction. While some 
resea rch e rs  com paring com puter-based instruction with 
conventional classroom  instruction have reported th a t well-designed 
com puter-assisted  instruction can be more effective than 
conventional instruction, the findings to date are positive, but 
inconclusive.
Statement of the Problem 
The purpose of this study was to examine instructional
14
techniques em ployed in the  teaching of m athem atics to low 
achieving m athem atic students. Specifically, the study w as 
designed to determ ine w hether com puter assisted  instruction of 
m athem atics p roduces significantly g rea ter improvement in 
m athem atics perform ance of low achieving ninth grade pupils than 
teaching m athem atic skills without com puter a ssis ted  instruction.
Theoretical Basis and Importance of the Study 
This study w as designed to contribute to an understanding of 
the CAI research  findings and to provide needed supplementary data 
on specific classroom  situations. It w as designed also to m eet the 
th ree  guidelines that Kulik (1981) followed for his m eta-analysis of 
51 studies. The three guidelines are: the research w as conducted in 
an actual classroom  within grade levels 6-12, reported m easured 
outcom es of CAI and control groups, and methodological flaws were 
minimized. Kulik, Bangert, and Williams (1983) reported only 
eighteen stud ies of Kulik's (1981) m eta-analysis of 51 studies 
assigned subjects by random and lasted longer than eight weeks.
This study will contribute to the CAI da ta  to account for CAI effects 
related to longer study duration with subjects randomly assigned.
15
The study length of one year w as designed to allow novelty effect of 
treatm ent to d issipate.
Burns and Bozeman (1981) analyzed and summarized the 
research  findings of com puter-assisted  m athem atics instruction in 
elem entary and secondary schools to determine the relationship of 
CAI and mathematics achievem ent. The analysis suggested  that a  
significant enhancem ent of m athem atics learning occurred in 
teaching settings supplem ented with CAI. They noted, however, that 
CAI would be influenced by num erous variables which educational 
practitioners need to understand. This study will contribute to that 
understanding by gaining d a ta  on student computer time, software 
used, number of computers, and the use of CAI as a  supplement to 
conventional instruction.
Ebel (1982) stated  that schools seldom evaluate the results of 
their program s, but instead concentrate on the attractiveness of the 
process. As a  counter to that error in focus, he suggested that no 
instructional program should be developed or continued without 
evidence of its effectiveness in producing learning. As Kulik,
Bangert, and Williams (1983) assert, the effects of com puter-based
16
instruction seem  clear in studies of disadvantaged and low aptitude 
students, but the relationship hinted a t must be  investigated in 
further studies. This study focused on the effects of computer- 
assisted  instruction on the  perform ance of low achieving 
m athem atics studen ts.
General Research Hypotheses 
The null hypotheses tested in this study were a s  follows: 
Hypothesis Ho1: students receiving computer assisted  
instruction on m athem atics skills will show no significantly g rea ter 
gains on a  quantitative m easure of m athem atics skills than students 
receiving instruction with conventional teaching m ethods.
Hypothesis Ho2: students receiving computer assisted  
instruction in com putation, addition, subtraction, multiplication, 
and division with num bers of m athem atics will show no 
significantly grea ter gains on a  quantitative m easure  of computation 
than studen ts receiving instruction with conventional teaching 
m ethods.
Hypothesis Ho3: students receiving computer assisted  
instruction in concepts, knowledge of m athematical facts or
17
principles, will show no significantly g rea ter gains on a  
quantitative m easure of concep ts than studen ts receiving 
instruction with conventional teaching m ethods.
Hypothesis Ho4: students receiving computer assisted  
instruction in problem solving, the selection and application of 
appropriate knowledge, skills and techniques in solving problem s, 
will show no significantly g rea ter gains on a  quantitative m easure  
of problem solving than s tuden ts receiving instruction with 
conventional teaching m ethods.
Limitations Of The Study 
Since the sam ple population was taught in a hom ogeneous 
grouping of low level students, the findings may not be generalized 
to different groupings and levels of students. With the use  of 
commerical software in assisting instruction in a classroom  with a  
ratio of microcomputers to studen ts of nearly one to one, no 
attem pts should be m ade to generalize findings to classroom s which 
differ greatly in the quality of software or the ratio of studen ts to 
m icrocomputers. The additional geographic limitation assoc ia ted  
with the  sam ple population selected  from one school in one school
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division m ay restrict the findings to be generalized to other school 
divisions and  schools which dem onstrate the effect for the specific 
conditions which the experimental and control group have in 
common.
Definition Of Terms 
For the  purposes of this study, the following definitions apply: 
D ependent V ariables. Student tes t scores from the individual 
sub tests a re a  of Total Math, and subskill a reas  of Computation, 
Concepts, and  Problem Solving from the Iowa T ests of Basic Skills 
M athematical Subtest and the Test of Achievement and Proficiency, 
and City-wide sem ester exam scores.
C om puter A ssisted Instruction. A method of using 
m icrocom puters a s  an instructional tool to p resen t individualized 
instructional material. The com puter program s a ss is t students in 
learning m athem atic skills of concepts, com putations and problem 
solving.
M icrocom puter. A microcomputer is a  computer whose main 
central processing unit is a  single chip. It is a  small computer 
system  with limited potential for memory. Most microcomputers
19
are  not capable of accessing  more than about 64K of memory.
Directed Teachino.fHunter Model). Referred to as explicit 
teaching, it involves a  deductive approach in which specific skills 
a re  taught to students in som e system atic way.
Organization of the Study 
Chapter 1 included an  introduction, a  statem ent of the 
problem, the importance of the study, research hypotheses, 
limitations of the study, and  definition of term s. The rem ainder of 
the study is organized into four chapters. In Chapter 2, a  
com prehensive review of th e  previous research and literature having 
a  direct bearing on the problem is presented. The methodology of 
the study is described in C hapter 3 to include instrumentation, 
statistical hypotheses, and  experimental design. In Chapter 4, data  
collected during the study a re  reported and analyzed. The study 
culm inates with Chapter 5 which includes a  summary of 
findings, s ta ted  conclusions, implications d iscussed , and future 
research  suggested .
Chapter 2 
Review of Literature
C on tex t
While som e educational computer advocates suggest that 
schools will shrivel and die if educators do not recognize the 
potential of com puter use, m ost educators and computer advocates 
understand that the schools provide too many functions in society 
simply to replace them  with com puter networks and public 
information system s. Coburn, et. al. (1982) expressed  the feelings 
of both the optimist and the pessim ist a s  to the  possible effect 
schools may experience in a  computerized society. As optimists, it 
w as said that we se e  schools sharing large-scale networks, 
allowing studen ts and staff immediate a c c e ss  to information 
heretofore too expensive to acquire, g rea ter family involvement in 
their children's education a s  com puters allow more people to work 
at home, better perform ance in the basic skills of reading, writing, 
and m athem atics, a s  people m aster new com puter skills replacing 
the basic skills a s  we know them, and com puters counteracting the 
negative effects of television by promoting active, creative, and
21
individualized behavior in children. As pessim ists, it w as noted 
that we s e e  g rea ter decline in computational skills a s  the com puter 
is used more in our daily lives, g reater truancy and resistance to 
learning a s  schools cannot give students the immediate excitem ent 
of com puter gam es, increased violent behavior in schools as 
students play more arcade gam es killing space invaders, an erosion 
of the printed m aterials a s  more time is spent on com puters than 
with books and m agazines, and greater pressures on schools to 
provide equity in com puter use, thus, creating the potential to widen 
the gap between rich and poor school divisions. The computer 
optim ists believe th a t com puters will allow for more effective 
w ays to accomplish educational goals. The computer skeptics 
suggest that teachers are not ready for computers. T hese skeptics 
cite the current dem ands of teaching, training required for teachers, 
or lack of desire of teachers to develop computer skills a s  som e of 
the shortcomings to com puter accep tance.
However, som e teachers do u se  computers as tools to help 
students think and learn in new, exciting ways. As used, the 
com puters are intended to augm ent and increase curriculum
effectiveness. Reports from education reform movements have 
ad d ressed  the concern of declining student achievement, and most 
s ta te s  have engaged in plans to address the decline. Virginia's 
governor in 1986 charged a  task force to develop a  plan to improve 
student achievem ent. One of the strategies recommended by the 
task  force to impact on student achievem ent was the requirement 
that middle school level students p a ss  a  literacy test in reading, 
writing, and  m athem atics prior to entering high school. With the 
adoption of this recommendation by the General Assembly, school 
divisions were m andated to provide remedial programs for students 
scoring in the lower quartile of the Virginia State A ssessm ent 
Program  and for studen ts failing the literacy tests at the sixth 
grade  level. C annaday (1990) reported that the S tate Superintendent 
of Public Instruction distributed a  resource docum ent in 1988 
describing several critical elem ents of an  effective remediation 
program. One of the strategies listed in the resource document was 
com puter ass is ted  instruction.
C om puter A ssisted Instruction (CAI)
Reviews of CAI research indicate that drill and practice CAI
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has a  positive impact on student achievem ent in mathematics. The 
effectiveness of CAI drill and practice with elem entary students 
when m easured by standardized achievem ent tests w as evaluated by 
Suppes and Morningstar (1969). S tudents in the  control and 
treatm ent groups were administered the Stanford Achievement Test 
a s  a  pretest and posttest. The tests w ere given in four California 
schools during the  1966-67 school year. They discovered that one of 
the California schools had added 25 minutes per day of classroom 
instruction and practice in m athematics. This intensive effort of 
classroom  drill and  practice by the teacher proved to be as effective 
a s  drill and practice on the computer. However, it w as concluded 
that drill and  practice on the computer took less time and did not 
require any extra help from the teacher. Vinsonhaler and B ass's 
(1972) study support th e se  findings in concluding that when 
m easured by standardized  achievement tes ts , CAI w as significantly 
m ore effective than traditional instruction.
Burns and B ozem an's (1981) m eta-analysis study reported that 
CAI drill and practice w ere significantly effective in increasing 
mathematic achievem ent of elementary and secondary students.
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The findings w ere reported for m athem atic instructional program s 
which used CAI a s  a  supplem ent to conventional classroom  
instruction. Student achievem ent ga ins w ere significant among 
highly achieving and lower achieving studen ts with average level 
studen ts showing no significant gain.
Within the context of CAI improving achievem ent of low 
performing students, Lang, Branch, and  Thigpen's (1987) study lends 
support to Burns and Bozem an's findings. Lang et al., (1987) 
reported  com puter-based  instruction produced significant 
achievem ent gains on the Com prehensive T ests of Basic Skills for 
4,293 remedial ninth through twelfth g raders as com pared to 
conventional classroom  instruction.
Jam ison, Suppes, and Wells (1974) studied the  effectiveness 
of alternative instructional m edia and concluded in their survey 
findings that while CAI attem pts to improve instruction by providing 
for individualization there  is no significant difference in 
achievem ent. However, som e studies supported a savings in student 
time and concluded that small am ounts of CAI used with elem entary 
students a s  a  supplem ent to regular instruction produce an
25
improvement in achievem ent, especially for slower students.
Most of the early studies reviewed were conducted in 
elem entary schools. Conclusions of th ese  evaluation studies 
generally supported the  effectiveness of CAI a t the elem entary level 
when used in supplem ent with conventional instruction. In a  less 
positive context, Gilman and Brantley (1988) reported no significant 
achievem ent differences were observed betw een 28 fourth grade 
studen ts receiving instruction by traditional teaching m ethods and 
one computer in the c lass a s  compared to 29 fourth grade students 
receiving a  minimum of two hours per day  of CAI with traditional 
instruction and one com puter per two students. Gilman and Brantley 
suggest that study results may have been affected by quality and 
relevance of software, no random selection of students, and the  two 
month absence of the CAI teacher.
At the college level, Kulik, Kulik, and  Cohen's ((1980) m eta­
analysis integrated the findings from 59 studies on the 
effectiveness of com puter-based college teaching. Their analysis 
focused on the effects of com puter-based instruction and 
conventional teaching a t the college level. To be included in the
sam ple, a  study had to m eet three criteria. The study had to focus 
on college classroom  instruction, report on quantitatively m easured 
outcom es, and the studies had to be free of methodological flaws. 
The 59 studies dem onstrated four major types of com puter 
applications to instruction: tutoring, com puter-m anaged teaching, 
simulation, and  computer programming to solve problems. Of the 59 
studies, 54 investigated the effect of CBI com pared to conventional 
c la sses  a s  m easured by examination performance. Findings 
supported CBI examination performance over conventional 
examination performance. The effect of CBI was concluded to raise 
student achievem ent by one-quarter of a  standard deviation unit.
All of the  studies tes ted  for significance in evaluating the  
differences in instructional time between CBI and conventional 
c la sse s  show ed statistical significance. For student instructional 
time, it w as reported that with the conventional approach 3.5 hours 
of instructional time per week were needed a s  compared to 2.25 
hours for the com puter-based approach. Kulik et al., (1980) 
concluded that CBI had m ade a  small but significant contribution in 
the effectiveness of college instruction a s  evidenced by a  student in
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a  CBI c la ss  would score at the 60th percentile on an  examination and 
a  student in a  conventional c lass would score in the 50th percentile.
While CAI research conclusions generally support the  
effectiveness of CAI, educators should evaluate the  beneficial 
effects of CAI conclusions based  on the context in which CAI is 
adm inistered. Gourgey (1987) studied three conditions of 
administration of drill and practice: CAI with formal classroom  
instruction, CAI with reinforcement for good perform ance, and CAI 
alone. While Gourgey's (1987) study dem onstrated the beneficial 
effects of CAI in general, it offered additional empirical evidence 
that instructional outcom es w ere significantly affected by the 
context in which the CAI was m anaged. Gourgey's study reported 
improved achievem ent in reading and mathem atics for seventy-seven 
grade 4 to 8 remedial students who had been divided into three 
groups: those  receiving CAI lessons with formal classroom  
instruction, those  receiving CAI instruction with reinforcem ent for 
good perform ance, and those receiving CAI alone. Although all three 
groups gained in achievement, there w as significant differences 
associated  with the type of administration and its affect on CAI
effectiveness. Reinforcement for good perform ance w as m ost 
effective for reading, while CAI with formal classroom  instruction 
and CAI alone show ed no significant difference. In m athem atics, CAI 
with formal c lassroom  instruction w as m ost effective, while CAI 
alone and CAI with reinforcement dem onstrated no significant 
difference. It should be noted that CAI alone w as not significant in 
either context. Jam ison e t al., (1974) supported Gourgey's general 
findings by concluding that com puter-based teaching, when it is 
coordinated with regular instruction, improved perform ance scores 
for disadvantaged elem entary students. This conclusion w as 
consisten t with the synthesis of empirical research  on computer- 
based  instruction. Gourgey (1987) sta ted  that with the proliferation 
of com puter a ss is ted  instruction (C.A.I.), education w as considered 
to be going through a  "computer revolution". He also stated that the 
possession  of sophisticated technology will not insure quality 
education and suggested  an  important issue in using CAI w as the 
identification of factors which maximize student gains. Kulik 
(1983) revealed that factors (study features) in his m eta-analysis 
of findings from 51 com puter-based teaching studies in g rades 6
through 12 disclosed only two features, year of publication and 
study duration, with borderline levels of statistical significance. 
Kulik's findings revealed that final examination sco res were higher 
in most recent studies and in studies of shorter duration. While only 
two features had som e statistical significance, (Kulik, Bangert, and 
Williams, 1983) concluded that com puter-based teaching raised 
student's scores on final exam inations by approximately .32 
standard deviations or from the 50th to the 63rd percentile. Other 
findings concluded that student retention improved; student 
attitudes toward com puters and the course were positive; and 
student learning time w as reduced with com puter based  instruction. 
It is important to note that Kulik (1983) suggested  that the stronger 
effects of publication year and study duration w ere due to improved 
instructional technology used in more appropriate ways. Kulik's 
hypothesis w as supported by (Cox, 1980; Signer, 1982) who reported 
that the  few field studies conducted with microcomputers were 
flawed by insufficient equipm ent, poor quality software, and 
inadequate computer access  time for students.
Most of the CAI research literature supports CAI having a
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positive effect on the improvement of elem entary student 
achievem ent. Kulik (1983) reported th e  first system atic reviews 
conducted on CBI dem onstrated its effectiveness in improving 
elem entary student scores, especially w hen CBI was used to 
supplem ent traditional instruction. Kulik referred to Vinsonhaler 
and  B ass (1972) and Edwards and others (1975) whose findings 
concluded a positive relationship to CBI's effectiveness in raising 
student achievement. In their summary of ten major studies on CAI 
drill and practice, Vinsonhaler and Bass (1972) concluded that 
elem entary students receiving com puter assis ted  drill and practice 
dem onstrated performance gains of one to eight months when 
com pared to students receiving traditional instruction. When CAI 
effectiveness is m easured by standardized  achievem ent tests , 
Vinsonhaler and B ass (1972) concluded strong evidence for CAI 
effectiveness a s  com pared to traditional instruction. Edwards and 
o thers (1975) review of CBI studies included four modes of CAI: 
drill-and-practice, problem solving, simulation, and  tutorial. When 
CAI was used a s  a  supplem ent to traditional instruction, all studies 
concluded that supplem ental traditional instruction with CAI was
more effective than traditional instruction alone. W hen CAI 
replaced traditional instruction, nine studies reported CAI studen ts 
achieving more than the non-CAl students, and eight studies 
reported little or no difference. Several of the studies revealed 
mixed results. The effectiveness of CAI modes revealed that each 
m ode of CAI w as more effective than traditional instruction in som e 
stud ies and a s  effective a s  traditional instruction in other studies. 
Of the four modes of CAI, no mode was found to be any more 
effective than another mode. Edwards and others (1975) concluded 
their review of the research  on how effective is CAI, in reporting 
that all studies revealed that it took less time for students to learn 
using CAI than other m ethods, that while students may learn more 
quickly using CAI their retention may not be a s  great a s  students 
receiving traditional instruction, and while only two studies tes ted  
CAI effectiveness according to ability level, both found CAI 
drill and practice in m athem atics to be more effective with low 
ability students. It is interesting to note that Kulik, Kulik, and 
Cohen (1980) m eta-analysis of 59 independent evaluations of 
com puter-based college teaching concluded that college students
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had small but significant course achievem ent gains with CBI, showed 
positive studen t attitudes toward instruction and course  material, 
and CAI reduced the time needed for instruction.
Com puter A ssisted Instruction. M athem atics/Rem ediation
In the early I980's, little CAI research had been conducted or 
published on the effects of CAI in teaching mathematics. O ne of the 
few attem pts to synthesize and collect experimental studies on the 
effectiveness of techniques used in m athem atics instruction was 
Hartley's (1977) m eta-analysis of one hundred fifty-three 
experimental studies. Hartley's (1977) m eta-analysis studied the 
effectiveness of the four teaching techniques of: com puter-assisted  
instruction, c rossage  and peer tutoring, individual learning packets, 
and programmed instruction. Each technique w as compared to the 
achievem ent of studen ts by traditional m ethods. Tutoring w as found 
to be  the most effective technique with CAI reported a s  considerably 
more effective than individual learning packets or programmed 
instruction. Her findings concluded that CBI raised student 
achievem ent from the 50th to the 60th percentile. Gourgey (1987) 
studied th ree  administrative conditions of drill and practice CAI
with 124 4th to 8th grade level remedial students. S tudents were 
assigned  to CAI coordinated with formal classroom  instruction, CAI 
with positive reinforcement for good behavior, and CAI alone. 
Gourgey (1987) concluded that CAI with coordinated instruction was 
m ost effective in m athem atics achievem ent and tha t formal 
instruction augm ented with CAI w as essen tia l for conceptual 
understanding. For mathematics, an  increase in achievem ent for 
conceptual skills and computation skills w as obtained when formal 
instruction w as coordinated with drill-and- practice CAI. Gourgey's 
(1987) study posited the position that CAI provided the opportunity 
for practice using the actual m athematical procedure and formal 
instruction allowed for explanatory teaching of m athem atical 
concepts. Gourgey concluded the two were inseparable in raising 
m athem atics achievem ent. While the  results of Gourgey's (1987) 
study support the  previous research findings of drill-and-practice to 
improve student achievem ent, it is possible that the  results could 
have been influenced by the  study's limitations. Students were 
assigned to the treatm ent groups by the teachers and administration, 
students w ere not randomly selected for the study, and initial
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achievem ent levels of students w ere not matched in the treatm ent 
groups.
Som e of the most recent research  findings on microcomputers 
which suggest an  importance to elem entary and secondary teachers 
is reported in Suydam  (1986) in her overview of research: com puters 
in m athem atics education, K-12. Findings are  reported in the a reas  
of tutorial, drill and practice, gam es, com puter-m anaged 
instruction, and attitudes. Tutorial findings are  mixed on student 
m athem atics achievement. Suydam  (1986) concluded that CAI 
tutorials produced higher achievem ent gains than did conventional 
instruction in m ost c a se s ; no significant differences in achievem ent 
were found in a  few studies, and in at least one study achievement 
w as statistically significant to the  am ount of student com puter 
time. Only one study favored the non-computer groups. When based  
on cost pe r unit of achievem ent gain, or on the value of m athematics 
com petency by parents and school boards, Hawley (1986) reported 
CAI to be  considered more cost effective than non-computer 
conventional instruction.
Eight of th e  twelve studies on drill and practice concluded no
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significant achievem ent gains betw een com puter and non-com puter 
groups. Only four of the 12 studies reported higher achievem ent 
gains with drill and practice CAI. Drill and practice was reported to 
be effectively adm inistered by com puters but no more effective than 
a  teacher providing drill and practice in conventional methods.
G am es w ere reported a s  reinforcing and motivating. They 
served a s  extrinsic reinforcers. Computer gam e groups correctly 
answ ered twice a s  many questions in a  speed  test on addition facts 
a s  did the non-computer gam e group. College students related to the 
gam es at a  higher level than eighth graders. College students used 
the gam es to problem solve while only one half of the eighth graders 
viewed the gam es from the problem solving context. Eighth graders 
used random trial and error to solve the problems.
C om puter-m anaged instruction studies w ere few in 
considering m athem atics instruction. No difference w as reported in 
student achievem ent in the three studies considered. However, 
teachers exp ressed  preference for m icrocom puter-m anaged system s 
to non-com puter system s.
Findings on student attitudes reported that m ost students like
to work with com puters regardless of ability levels and sex.
Positive correlations w ere  reported betw een attitudes toward 
com puters and attitudes toward m athem atics. Suydam (1986) 
concluded her overview by stating that with more research in the 
use of com puters in m athem atics, we should acquire greater detailed 
data  on how to use com puters more effectively .
In developing a  remedial instruction program to meet the basic 
skills of C oast Guard recruits, Glidden (1984) integrated a  com puter 
a ssis ted  instruction program  with Navy conventional materials.
The results dem onstrated an overall increase of 6.8 percentile on 
the ASVAB verbal and mathem atics sections. An additional 
dimension of CAI was suggested  by Glidden and others (1984), who 
found CAI to be most effective when the software w as presented 
after classroom  instruction, rather than before. McConnell's (1983) 
study supported Glidden's study. The com puter program was used in 
McConnell's study to reinforce m athem atic skills rather than 
providing the  initial instruction. Five hundred students in g rades 3 
to 6 received either CAI, paper and pencil drill and practice, or the 
regular curriculum. The study revealed that CAI increased scores in
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total m athem atics and computation skills significantly a s  com pared 
to the  other treatm ents; however, g reater improvement in concept 
application skills w as accom plished by the  regular curriculum.
T hese findings were dem onstrated for remedial programs a s  well.
An additional conclusion reached w as that a  positive correlation 
exist betw een length of computer time and achievement gains. The 
study show ed that the more time students had on the computer the 
g rea ter the achievem ent gains. Findings of McConnell's study with 
two groups of students have been replicated suggesting that CAI can 
be an effective program to improve student's basic mathematic 
skills. Studies by Jam ison et a l., (1974) and Edwards, Norton,
Taylor, W eiss,and Dusseldorp (1975) concluded that com puter-based 
teaching reduced student time in learning. Kulik et al., (1980) 
supported th is finding which s tre sse s  the importance of com puters 
in reducing instructional time. Hotard and Cortez (1988) sta ted  that 
CAI tim e is directly related to increased remedial gain.
Specifically, they concluded that spending less  than 12 hours a  year 
on CAI would result in minimal achievem ent gain. Ten minutes of 
drill and  practice a  day, resulting in a  maximum of 22 hours a  year
of CAI, have produced growth in a  variety of skills, equal to 1 to 2 
years of c lass work. This study used CAI in a  remedial program for 
C hapter I disadvantaged students in Lafayette Parish, Louisiana.
CAI produced gains above the national average for Chapter I students 
for four years in g rades 5 to 8. While Hotard and Cortez (1988) 
studied the middle g rade  levels, Lang and others (1987) analyzed the 
effects of CAI on achievem ent of 4,293 remedial high school 
students in grades 9 to 12. They found CAI to be effective a s  
significant student gains w ere m ade on the com prehensive T est of 
Basic Skills. It should be noted that Kulik, et. al. (1983) m eta­
analysis of 51 studies suggested  that educators should not 
anticipate CAI to be  a s  effective with college and high school level 
students a s  with elem entary level students. Kulik (1981) 
em phasized this conclusion for m athem atics education after his 
synthesis of findings and those of Hartley (1977). Kulik posited that 
the computer provided the  needed stimulation and guidance for the 
elementary level student. With the secondary student, he suggested  
that som e students may actually object to the highly reactive and 
structured program s. As Bear (1984) stated, the consideration of
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studen t differences should be of primary importance in the selection 
or design of CAI software. Software that is motivational and 
effective with elem entary level students may not be worthwhile 
with secondary  students.
Of particular importance in the review of CAI literature, w as 
the tendency of more recent studies to report stronger effects of 
CAI on student achievem ent (Kulik et al., (1983). They attributed 
this tendency to educators making more appropriate use in recent 
years of the instructional technology.
While there w as empirical data on the effectiveness of CAI, 
R agorta et al., (1982) suggested  caution in transferring previous 
research  findings to the microcomputer period. The ratio of 
com puters to students, th e  quality of the software, student time on 
com puters, match of software to the curriculum and tes ts  used to 
evaluate the program s, teacher m anagem ent, age appropriate 
softw are, and  com puter-literate teachers a re  all characteristics 
which impinge upon the implementation of successful CAI programs. 
R esearch  findings are  far from being conclusive to the effect of CAI 
in improving learning a s  com pared to conventional instruction.
Edwards et. al., (1975) sta ted  that 40 percent of the studies 
reviewed dem onstrated  little or no difference in student learning 
when CAI augm ented or replaced conventional instruction. Serious 
flaws exist in the research design of many CAI studies. In Kulik et 
al., (1983) m eta-analysis of 51 studies, only 18 studies used 
random assignm ent of subjects. Becker's (1987) synthesis reported 
only one study of 51 to have true random assignment. Due to the 
lack of randomization in CAI research, Kulik e t al.,(1983) and Becker 
(1987) reported previous CAI research findings may be the result of 
other variables impacting on student achievem ent other than the 
different m odes of CAI investigated.
Summary of R esearch and Relationship to the Problem
The CAI research  literature has provided practitioners with 
the theoretical and  empirical foundation in examining CAI a s  a  
viable teaching technique. Research has shown CAI's effectiveness 
in rem ediating studen t m athem atics perform ance within different 
grade and ability levels. The studies of Jam ison et al., (1974), 
Hartley (1977), Kulik (1983), Kulik et al., (1983), Suydam (1986), 
Gourgey (1987), and Hotard and Cortez (1988) have reported evidence
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of CAI's effectiveness in improving studen t achievem ent, especially 
at th e  elementary level. CAI was reported to raise student's scores 
on final exam inations by approximately .32 standard deviations or 
from the  50th to the 63rd percentile, Kulik et.al., (1983).
While significant CAI research has reported positive results of 
CAI's effectiveness in improving student achievement, the CAI 
findings are  not conclusive. As R agosta et al., (1982) suggested, 
caution is w arranted in transferring previous research findings to 
the microcomputer period. Research literature analysis has shown 
program s labeled a s  CAI differ in many characteristics. As Burns 
and Bozem an (1981) reported, the final answ ers related to CAI's 
effectiveness can not be presented, but the analysis of many studies 
conclude CAI's effectiveness in the a re a  of mathematics. Further 
research  of the relationship between com puter a ssis ted  instruction 
and its influence on mathematic achievem ent of low achieving 
students should contribute to the knowledge of how students can 
achieve. This knowledge would then provide the basis in developing 
opportunities for rem ediation and for increasing understanding of 
the com puter as it relates to student m athematic achievem ent.
Chapter 3 
Methodology
In troduction
This chapter describes the research methodology used  in this 
study. The purpose of the study was to determine w hether computer 
a ss is ted  instruction p roduces significantly g rea ter im provem ent in 
m athem atics perform ance of low achieving 9th grade pupils than non­
com puter assisted  instruction. P resented  also are descriptions of 
the  population sam ple, instrumentation, staff selection and  training, 
instructional m aterials, d a ta  collection, and analysis of data . 
R esearch Methodology
This study was designed to compare the effect of com puter 
a ss is ted  instruction with th e  conventional directed teaching 
strategy to non-com puter instruction with conventional m ethods 
(directed teaching) in improving m athem atics perform ance of low 
achieving 9th grade studen ts. Two c lasses with different 
instructors taught the  9th grade m athem atics curriculum augm ented 
with com puter a ss is ted  instructed drill and practice, simulation, 
and  gam es. The two non-computer groups w ere taught by different
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teachers using an explicit, deductive teaching approach in which 
specific skills a re  taught to students in som e system atic way. This 
instructional approach w as a  model of Madeline Hunter's directed 
teaching technique. Student subjects who were scheduled to enter 
the 9th grade in the fall of 1990 were randomly assigned to one of 
four instructors and one of the two instructional groups. Figure 1 
show s the p retest-posttest comparison group design followed.
Figure 1. P retest-posttest comparison group design.
Sam ple Pretest Randomization Groups Treatment Posttest
p* A------ - ► X i ------— o
46 0 - - -  >■ R
(9th) * ^  B ------ — ------ - ► 0
g ra d e rs
McMillan and Schum acher (1989) stated  that the design 
presented  in Figure 1 rules out intersubject differences through 
randomization of subjects to groups and includes the manipulation 
of the  treatm ent variable.
Two posttes ts  were used a s  multiple indicators of treatm ent 
effect. An examination developed locally w as administered first and 
second sem ester. This m easure revealed the progress of students in 
term s of the school system  m athem atics program. The Iowa Test 
for Basic Skills (ITBS), (1986) and the Test of Achievement and 
Proficiency (TAP), (1987) were adm inistered before and after 
treatm ent a s  an indicator of student mathem atical perform ance . 
Form G-level 14 of the ITBS was given the 8th grade year a s  the 
pretest. Form H- level 15 of the TAP w as given the 9th grade year 
a s  the posttest. The ITBS m athem atics sub test contained 117 five- 
option, multiple-choice items. Forty-three items m easured 
computation, 42 m easured concepts, and  32 m easured problem 
solving. The TAP mathem atics sub-test contained 48 five-option, 
multiple-choice item s. Twelve items m easured  computation, 15 
m easured concepts, and 21 m easured problem solving. The tes ts  are 
designed to m easure students com petence in the use of basic 
m athem atical skills related to the  quantitative aspec ts of everyday 
living and to a s s e s s  student understanding of basic mathematical 
principles (Iowa T ests of Basic Skills, 1987 and Tests of
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Achievem ent and Proficiency, 1987).
T ests items are grouped according to the content and skill 
involved. Each item is assigned to one of three skills areas: 
com putation, concep ts, and problem solving. Reliability coefficients 
for the tes t were computed by using the Kuder-Richardson Formula 
20. Reliability coefficients of .92 and .88 were computed for Forms 
G and H respectively in the area of mathematics achievement. Six- 
month te s t-re te s t reliabilities w ere calculated using Pearson  
product-m oment correlations. A coefficient of .80 for grade nine 
w as com puted for m athem atics. The length of treatm ent w as two 
se m e s te rs .
Population and Selection of Sam ple
The research site for this study w as an urban high school 
(grades 9-12) in the Hampton City School Division of Hampton, 
Virginia. ITBS m athem atics sub-test scores at or below the 30th 
percentile were used a s  criterion sco res for selecting subjects. The 
population sam ple w as identified from the feeder schools 8th grade 
students scoring up to the 30th percentile on the ITBS m athem atics 
sub-test in the Spring of 1990 and receiving a D or F in their 8th
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grade m athem atics course.
The target population consisted of 9th grade students who had 
registered for the course Mathematics Nine. The target population 
included 59 rising 8th grade students w hose 8th grade ITBS scores 
fell betw een the 1st and 30th national percentile.
Sam ple selection w as determined by a  letter (see  Appendix A) 
and a  follow up telephone call to parents explaining the study and 
inviting the  studen ts to participate. Ninety-four percent of the 
parents w hose children were eligible indicated an interest in having 
their child participate by returning the consent form with student 
and parent signature. The population sam ple consisted of 46 
students. S tudents were randomly assigned  to the treatm ent 
(computer assis ted  instruction) group and  to the control (no 
com puter ass is ted  instruction ) group. Only students with pretest 
and posttest sco res were included in the study.
Fifty-six s tuden ts participated in the study of whom ten 
students w ere dropped. Three students registered for the course, 
returned consen t forms but moved during the summer. Four students 
moved during the  year, one student decided to drop the Mathematics
Nine course to take Pre-Alegbra, one student was expelled during the 
year, and  one student w as dropped from the study prior to da ta  
analysis for failure to comply with p o sttes ts  requirements. 
l.ns tr.mi]9,DlaliPii
Scores on the Iowa Test of Basic Skills and the Tests of 
Achievement and Proficiency m athem atics sub tests were used  to 
a s s e s s  student perform ance on meeting the specific m athem atic 
skills of computation, concepts, and problem solving. C annaday 
(1990) reported that m athem atic skills tes ted  on the ITBS 
correlated highly with Virginia's s ta te  m andated standards of 
learning for m athem atics. The 8th grade ITBS m athematics sub test 
and the 9th grade TAP mathem atics sub test were examined and 
skills identified which would be  tested  under the Literacy P assport 
Testing Program. Mathematic objectives identified in the Literacy 
Testing Program were skill objectives of computation, to include 
addition, subtraction, multiplication, and  division with num bers, 
concepts, to include the demonstration of knowledge of 
m athematical facts and principles, and  problem solving, to include 
the selection and application of appropriate knowledge, skills and
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techniques in solving problems. The Virginia S tate Standards of 
Learning (SOL) for m athem atics and Hampton Mathematics SOL's 
w ere a s se s s e d  for correlation to ensure that the m athem atics skills 
were add ressed  in the 9th grade curriculum. The city-wide 
sem ester exam was developed by teachers to a s se s s  the skill levels 
identified in the  9th grade m athem atics curriculum.
Form G-level 14 of the ITBS was administered the 8th grade 
year a s  the pretest and Form H-level 15 of the  Test of Achievement 
and Proficiency was administered the 9th grade year as the 
posttest. The primary purpose of the ITBS and the TAP is to 
m easure student's com petence in the use of basic mathematics 
skills related to the quantitative aspec ts of everyday living. A 
second purpose of the tes ts  is to a s se s s  student understanding of 
basic mathem atical principles. The reliability of the  tes ts  a s  
reported for the summary statistics for Forms G and H based  on 
standardization sam ples and on d a ta  obtained from the equating 
study of spring 1986 were computed using the Kuder-Richardson 
Formula 20. For Form G the KR-20 was .92 and for Form H the KR-20 
w as .88. T est-retest reliabilities were calculated using Pearson
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product-m om ent correlations (Iowa T ests of Basic Skills, 1986).
The coefficients w ere  consistently high, ranging from .75 to 
.92 with an average of .82 showing the stability of the te s t over 
time. Scores used in analysis were reported in standard score form 
for the total m athem atics score on the  ITBS and TAP. Since 
UNISCORE Incorporated does not publish a  standard score for the 
subtest on the TAP, student scores compared to the national 
averages were converted to percentile scores on the ITBS and TAP 
m athem atical su b tests  for analysis.
Staff Selection And Training
Efforts to  control for teacher variability included careful 
screening of the  four teach e rs  selected to participate in the  study. 
T eachers w ere required to m eet three criteria:
1. Willingness to participate in the study.
2. Evidence of successful teaching of low level 9th grade 
s tu d en ts .
3. Experience in directed teaching method (Madeline Hunter 
Model), (Hunter, 1982).
In addition to the above three criteria, two teachers had to
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have experience in com puter assisted  instruction. All the teacher 
had to use  a  highly structured model of lesson delivery. Teacher 
input w as given to students on a  new skill or concept with a  variety 
of instructional aids: the chalkboard, overhead  projector, filmstrips, 
manipulatives, pictures, posters, and VCR's. Following the 
structured lesson model format, teachers provided the studen ts 
with appropriate models or exam ples for the skill being taught. 
Teachers checked for understanding and provided guided and 
independent practice activities for students. The treatm ent 
group teach er's  used commerically produced computer software, 
(High School Math Competency Series, 1987), (MECC, 1984-1989), 
and Barnum, 1987) in the form of drill and practice, simulations, and 
gam es to instruct students. The control group did not u se  computers 
in the instructional process.
A standard  city-wide course syllabus w as provided to each 
teacher. Treatm ent group teachers were required to monitor and 
account for computer time through the use  of a  daily log. During the 
first sem ester, students received 15 hours of computer assisted  
instruction. For the second sem ester, studen ts received 22 hours
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and 30 m inutes of com puter assisted  instruction. The project 
director monitored all teachers by periodic m eetings to a s s e s s  
content pacing and adherence to study requirements. Teachers 
received com parable instructions, resources, and staff support to 
ensure equal treatm ent and to control for a  Hawthorne effect. The 
project director met with the four teachers during the sum m er to 
coord inate  classroom  activities.
Instructional M aterials
Students in both treatm ent groups used the sam e 9th grade 
m athem atics textbooks. The com puter software w as commerically 
produced. Teachers selected  the software needed to provide for 
drill and practice, simulation, and gam es a s  it related to all 
m athem atics skills covered in the course. Special consideration 
w as given to the selection of age  appropriate software. The High 
School Math Competency Series, MECC Conquering Math Series, and 
the Barum Software Company program Q uarter Mile were the 
computer programs used  both sem esters to provide CAI.
The High School Math Competency Series provided 14 programs based  
on the N.Y. State Curriculum Guidelines for grades 9-12. The 14
subprogram s contained on the  disk were: whole num bers, fractions, 
decim als, basic percent, prim es and factors, integers, algebra, 
geom etry, ratio and proportion, probability, statistics, percent word 
problems and money problems ( High School Math, 1987). The MECC 
Conquering Math Series program provided a  series of programs 
providing problem solving gam es, drills, graphic and written 
rem ediation, and simulation to focus on specific m athematical 
skills and concepts. The subprogram s used in the study were:
(Circus Math, 1984), (Conquering Decimals, 1988), (Conquering 
Fractions, 1988), (Conquering Percents, 1989), (Conquering Ratios 
and Proportions, 1989), (Conquering Whole Numbers, 1987), 
(Coordinate Math, 1987), (Decimal Concepts, 1988), (Fraction 
Munchers, 1986), and (Number Munchers, 1986). The Barnum 
com puter program Q uarter Mile provided drill and practice in the 
form of an arcade gam e. The program focused on the mathematics 
a rea  of whole numbers. S tudents worked on addition, subtraction, 
multiplication, and division of whole numbers. Correct responses 
produced acceleration in an arcade race car, and incorrect answ ers 
caused  the race car to decelerate. Students raced against the clock
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to complete the quarter mile course before time ran out.
All teachers had a  full sized classroom . Students in the CAI 
treatm ent group were taught in the m athem atics computer lab. The 
com puter lab w as a  full sized classroom  with 16 Apple lie 
microcomputers. Treatm ent and control groups were taught at 
alternating periods third through sixth to control for differences of 
instructional time of day.
Analysis Qf Data
The procedure judged most appropriate for the treatm ent of 
the data was repeated m easures analysis of variance. Two 
advantages of the repeated  m easures design are fewer experimental 
units a re  required and the repeated m easures provide a control on 
their differences. According to Norusis (1985), variability due to 
differences betw een subjects can be eliminated from the 
experimental error. Of the  difficulties encountered with repeated  
m easures designs, learning effect w as the only problem that 
required attention. Learning effect is the result of perform ance 
improvement merely by the  repetition of a  task independent of the 
treatm ent. Learning effect was controlled for by including non­
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com puter instruction groups that performed the sam e tasks 
repeatedly  without receiving the com puter assis ted  instruction 
treatm ent. Wilkinson (1989) noted that the repeated m easures 
design treats the dependent variables a s  a  se t of repeated m easures. 
Although hypotheses tested  with Manova are  similar to those tested 
with Anova, the difference is that se ts  of m eans with Manova 
replace individual m eans in Anova. Manova is used to evaluate mean 
differences on two or more dependent criterion variables 
simultaneously. With the dependent variables, ITBS, TAP, and Exam 
sco res being m easured on an interval scale  and the research 
question involving a  comparison of m ean scores, Manova w as an 
appropriate technique. Bray and Maxwell (1985) com m ented from 
Cook and Campbell (1979) that it is alm ost always the c a se  that it 
is be tter to multi-operationalize a  construct, have several m easures 
of it, rather than mono-operationalize the  construct, have a  single 
m easure  of it.
For all four hypotheses, the analysis w as conducted a s  a  two- 
step  process. The first step  for each hypothesis w as to tes t the 
overall null hypothesis of no difference in the m eans for the
different groups. If statistical difference w as found betw een the 
com puter vs. non-com puter groups, the second step of analysis 
required follow-up te s ts  to be conducted to explain group 
differences. The first s tep  will answ er the question, did the 
com puter assisted  instructed studen ts perform differently than the 
non computer students?  If the answ er was yes, where they did 
better w as determined in the second step  of analysis. W as it the 
com puter assisted  instructed group or the non computer group that 
performed better? The System  for Statistics for the PC SYSTAT 
w as used to analyze data. A .05 level of significance w as used in 
the study a s  suggested  by Cook and Campbell (1979) a s  the standard 
to accep t or reject the null hypotheses for educational research. 
Summary of Methodology
This study tested  the effectiveness of com puter assisted  
instruction in improving the mathem atical perform ance of low 
achieving 9th grade students. A pretest-posttest com parison group 
design w as used to com pare com puter assisted  instruction groups to 
non-com puter instruction groups. The target population consisted of 
9th grade subjects placed below the 30th percentile on the 8th
grade ITBS. The Test of Achievement and  Proficiency mathematics 
sub tests  w as used  to m easure student changes in the mathematical 
skills of computation, concepts, and problem solving. A repeated 
m easures analysis of variance w as used  to te s t the statistical 
significance of the  relationship betw een the com puter and non­
computer groups. The resultant da ta  w as analyzed by the System  for 
Statistics for PC (SYSTAT) and is p resented  in Chapter 4.
Chapter 4 
Analysis of Results
In troduction
The purpose of the study w as to examine instructional 
techniques em ployed in the teaching of m athem atics to low 
achieving m athem atic students. Specifically, the study w as 
designed  to determ ine whether com puter assisted  instruction of 
m athem atics p roduces significantly g rea te r improvement in 
m athem atics perform ance of low achieving ninth grade pupils than 
teaching m athem atics skills without com puter assistance . Student 
mathematic perform ance w as m easured by pretests and posttests 
which were adm inistered under similar testing conditions. For 
sem este r exam s, testing w as adm inistered in the regular 
classroom s by study teachers. For the ITBS and TAP, testing was 
administered by grade levels in group settings by guidance 
counselors and teachers in the middle school for pretest and the high 
school for posttest. The ITBS and TAP were scored by UNISCORE, 
Incorporated. The resultant data w as analyzed by the System for 
Statistics for PC (SYSTAT).
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The analysis of data  was com puted using a  repeated m easures 
analysis of variance. The analysis w as conducted a s  a  two-step 
process. First, the  overall hypothesis of no difference in the m eans 
w as tested . If this step  w as significant, follow-up tests  to explain 
group differences were conducted. The first step answ ered the 
question, did the com puter assis ted  instructed students perform 
differently than the non-com puter students. If the answ er was yes, 
w here they were different w as determ ined. W as it the com puter 
assis ted  instructed group or the non-computer group that performed 
better?  Follow-up tes ts  explained group differences for each of the 
skill a re a s  studied. 
tJypolhflSisJjfll
This hypothesis s ta te s  that students receiving computer 
a ss is ted  instruction on m athem atics skills will show no greater 
gains on a  quantitative m easure of m athem atics skills than students 
receiving instruction with conventional teaching m ethods. The 
repeated  m easures analysis of variance looked at main effects for 
groups ( computer vs. non-computer), time ( pretest vs. posttest), 
and the interaction of group and time.
For th e  dependen t variable total math score, the  analysis of 
variance indicated effects for group (E(1,44) -  4.924, &< .05), time 
(E(1.44) -  53.941, &< .001), and the interaction of group and time 
(E(1,44) -  6.451, a  < .02) (see  Table 4.1). A table of the interaction 
m eans is presen ted  in Table 4.2.
The repeated  m easures analysis of variance results for total 
math, indicated there w as som e difference between com puter and 
non-com puter groups, there w as a  difference betw een pretest and 
posttest, and  there w as an interaction between groups and time. To 
determ ine the  exact location of m ean differences, w hether the 
interaction w as favorable to the non-computer or com puter group, a 
Tukey post-hoc com parison tes t was used. To be significant, m ean 
differences betw een the non-computer and computer groups had to 
be greater than 17.45 a s  calculated using the Tukey technique.
P re test com parisons of the non-computer to th e  com puter 
group revealed no difference between the groups. Posttest 
com parisons of the  non-computer group to the computer group also 
indicated no difference (see  Table 4.2).
When comparing the non-computer group gains from pretest to
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posttest, no significant growth is found. Com parisons of the 
com puter group pretest and posttest sco res  indicated significant 
growth (see  Table 4.2). The 17.857 gain w as greater than the 17.45 
required for significance using the Tukey test. Post hoc comparison 
d a ta  indicated that only the computer group gained. The computer 
group increased from a  pretest m ean of 141.905 to a  posttest m ean 
of 159.762. This 17.857 gain represented an increase in national 
percentile ranking from 11th percentile to the  30th percentile.
From pretest to posttest, the non-computer group had no 
significant growth. The com puter group did have significant gain. 
Hypothesis Ho1 w as rejected. Students receiving computer assisted  
instruction on m athem atics skills show ed significantly g reater 
gains on a  quantitative m easure of m athem atics skills than studen ts 
receiving instruction with conventional m ethods.
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Table 4.1
HYPOTHESIS 1- REPEATED MEASURES ANALYSIS OF VARIANCE ON THE 
NON-COMPUTER,COMPUTER, PRETEST AND POSTTEST TOTAL MATH 
SCORES GROUP EFFECT, TIME EFFECT, INTERACTION EFFECT
Source of Sum of 
Variation Squares
Degrees of 
Freedom
Mean
Square F
Significance 
of F
Between Subjects
Group 620.387 1 620.387 4.924 0.032*
ERROR 5543.613 44 125.991
Within S u b jec ts
Time 4018.646 1 4018.646 53.941 0.000*
Group*Time 480.603 1 480.603 6.451 0.015*
ERROR 3278.006 44 74.500
* Significant at p < .05
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TABLE 4.2
HYPOTHESIS 1 - INTERACTION EFFECT GROUP AND TIME COMPARISON 
OF THE FOUR MEANS OF GROUP NON-COMPUTER AND COMPUTER AND OF 
TIME PRETEST AND POSTTEST FOR TOTAL MATH SCORE
GROUP
NON-COMPUTER COMPUTER
pretest
T
I
M
E
posttest
141.280 
SD: 7.716
141.905 
SD: 5.504
149.960 
SD: 12.654
159.762 
SD: 12.132
Mean difference of non-com puter group from pretest to posttest w as 
8.680. Mean difference of non-computer and com puter groups after 
treatm ent on posttest w as 9.802. Mean difference of computer 
group from pretest to posttest w as 17.857. Tukey tes t required a  
difference greater than 17.45 to be  significant. C ases analyzed: non 
-computer 25, com puter 21.
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Hypothesis Hog
This hypothesis sta tes that students receiving computer 
a ss is te d  instruction in com putation (addition, subtraction, 
multiplication, and  division) with num bers of m athem atics will 
show no significantly g rea ter gains on a  quantitative m easure of 
com putation than  studen ts receiving instruction with conventional 
teaching methods. The repeated m easures analysis of variance 
looked a t main effects for groups (computer vs. non-computer), time 
(pretest vs. posttest), and  the interaction of group and time.
For the dependent variable computation math score, the 
analysis of variance indicated effects for group (E(1,44) « 3.115, &< 
.085), time (E(1,44) » 57.817, a<  .001), and the interaction of group 
and time (E(1,44) -  2.108, u< .154) (see Table 4.3). The repeated 
m easures analysis of variance results for computation, indicated 
there w as no difference betw een computer and non-computer groups, 
there  w as a  significant gain from pretest to posttest. However, 
there w as no significant interaction between groups and time.
Hypothesis Ho2 w as accepted. Students receiving com puter 
ass is ted  instruction in com putation, addition, subtraction,
multiplication, and division with num bers of m athem atics did not 
show significantly g reater gains on a  quantitative m easure  of 
computation than studen ts receiving instruction with conventional 
teaching methods.
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Table 4.3
HYPOTHESIS 2- REPEATED MEASURES ANALYSIS OF VARIANCE ON THE 
NON-COMPUTER, COMPUTER, PRETEST, POSTTEST SUBTEST 
COMPUTATION SCORES GROUP EFFECT, TIME EFFECT, INTERACTION 
EFFECT
Source of Sum of 
Variation Squares
Degrees of 
Freedom
Mean
Square F
Significance 
of F
Between Subjects
Group 601.270 1 601.270 3.115 0.085
ERROR 8492.785 44 193.018
Within Subjects
Time 10173.414 1 10173.414 57.817 0.000*
Group*Time 370.979 1 370.979 2.108 0.154
ERROR 7742.206 44 175.959
* Significant at p < .05
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Hypothesis Ho3
This hypothesis s ta te s  that studen ts receiving computer 
ass is ted  instruction in concepts, knowledge of mathematical facts 
or principles, will show no significantly g rea ter gains on a  
quantitative m easu re  of concepts than studen ts receiving 
instruction with conventional teaching m ethods. The repeated 
m easures analysis of variance for concepts looked at main effects 
for groups (com puter vs. non-computer), time (pretest vs. posttest), 
and the interaction of group and time.
For the dependent variable concepts, the analysis of variance 
indicated effects for group (£(1,44) -  2.385, a<  .130), time (E(1,44)
-  3.965, &< .053), and the interaction of group and time (£(1,44) ■ 
3.688, &< .061) (see Table 4.4). The repeated m easures analysis of 
variance resu lts for concepts indicated there w as no difference 
betw een com puter and non-com puter groups, no difference in pretest 
and posttest, and no significant interaction between groups and 
time.
Hypothesis Ho3 w as accepted. Students receiving computer 
assis ted  instruction in concepts, knowledge of mathematical facts
or principles, did not show a  significantly greater gain on 
quantitative m easure of concep ts  than students receiving 
instruction with conventional teaching m ethods.
68
Table 4.4
HYPOTHESIS 3- REPEATED MEASURES ANALYSIS OF VARIANCE ON THE 
NON-COMPUTER, COMPUTER, PRETEST AND POSTTEST SUBTEST 
CONCEPTS SCORES GROUP EFFECT, TIME EFFECT, INTERACTION EFFECT
Source of 
Variation
Sum of 
Squares
Degrees of 
Freedom
Mean
Square F
Significance 
of F
Betvwen-Subjects
Group 277.948 1
ERROR 5128.356 44
Within S ubjects
Time 367.307 1
Group*Time 341.612 1
ERROR 4075.606 44
277.948 2.385 0.130
116.554
367.307 3.965 0.053
341.612 3.688 0.061
92.627
* Significant at p < .05
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Hypothesis Ma4-
This hypothesis s ta te s  that studen ts receiving com puter 
assis ted  instruction in problem solving, the selection and 
application of appropriate knowledge, skills and techniques in 
solving problems, will show significantly g rea ter gains on a  
quantitative m easure  of problem solving than studen ts receiving 
instruction with conventional teaching m ethods. The repeated 
m easures analysis of variance for problem solving looked a t main 
effects for groups (computer vs. non-computer), time (pretest vs. 
posttest), and the interaction of group and time.
For the dependent variable problem solving scores, the 
analysis of variance indicated effects for group (E(1,44) » .012, &< 
.914), time (E(1,44) -  1.741, &< .194), and the interaction of group 
and time (E(1,44) -  1.741, ji< .194) (see  Table 4.5). The repeated 
m easu res analysis of variance results for problem solving indicated 
there  w as no difference between com puter and non-com puter groups, 
no difference in p retest and posttest, and no significant interaction 
between groups and time.
Hypothesis Ho4 was accepted. S tudents receiving computer
assis ted  instruction in problem solving, the selection and 
application of appropriate knowledge, skills and techniques in 
solving problems, did not show significantly greater gains on a  
quantitative m easure of problem solving than students receiving 
instruction with conventional m ethods.
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Table 4.5
HYPOTHESIS 4- REPEATED MEASURES ANALYSIS OF VARIANCE ON THE 
NON-COMPUTER, COMPUTER, PRETEST, AND POSTTEST SUBTEST 
PROBLEM SOLVING SCORES GROUP EFFECT, TIME EFFECT, INTERACTION 
EFFECT
Source of Sum of 
Variation Squares
Degrees of 
Freedom
Mean
Square F
Significance 
of F
Between ...Subjects
Group 1.183 1 1.183 0.012 0.914
ERROR 4409.785 44 100.222
Within. ..Subjects
Time 156.687 1 156.687 1.741 0.194
Group*Time 156.687 1 156.687 1.741 0.194
ERROR 3960.280 44 90.006
* Significant at p < .05
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O ther findings.
A repeated m easures analysis of variance was done on student 
perform ance on the first and second sem ester exams. The analysis 
w as done to determ ine if there was a  difference in the performance 
of the  non-computer and computer groups on the district city-wide 
exam. The repeated m easures analysis of variance for exam scores 
looked a t main effects for groups (com puter vs. non-computer), time 
(pretest vs. posttest), and the interaction of group and time.
For the dependent variable exam scores, the analysis of 
variance indicated effects for group (E(1,44) = 1.193, p.< 0.281), 
time (E(1,44) -  136.776, &< .001) and the interaction of group and 
time (E(1,44) -  .004, &< .952) (see Table 4.6). The repeated 
m easures analysis of variance for exam s indicated there w as no 
difference betw een com puter and non-com puter groups, a  significant 
difference in pretest and  posttest, and no significant interaction 
betw een group and time. There was no significant difference in the 
perform ance of the  non-computer and com puter groups on the 
district city-wide exam s.
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Table 4.6
OTHER FINDINGS- REPEATED MEASURES ANALYSIS OF VARIANCE ON 
THE NON-COMPUTER, COMPUTER, FIRST SEMESTER AND SECOND 
SEMESTER EXAM SCORES GROUP EFFECT,TIME EFFECT, INTERACTION 
EFFECT
Source of Sum of 
Variation Squares
Degrees of 
Freedom
Mean
Square
Significance 
F of F
Between Subjects
Group 381.926 1 381.926 1.193 0.281
ERROR 14091.476 44 320.261
With in.,-Subjects
Time 14553.606 1 14553.606 136.776 0.000*
Group*Time 0.389 1 0.389 0.004 0.952
ERROR 4681.796 44 106.404
* Significant at p < .05
Chapter 5
Summary. Conclusions .and Recommendations 
Introduction
This study exam ined instructional techniques employed in the 
teaching of m athem atics to low achieving mathematic students.
The effect of com puter a ssis ted  instruction in improving 
m athem atics perform ance of low achieving 9th grade students w as 
investigated. This chap ter interprets the data  collected in the study 
with sum m aries p resen ted , conclusions sta ted , implications 
d iscussed , and future research  suggested.
Sum m ary
P u rp o se . The empirical data collected on CAI research by 
Burns and Bozeman (1981), Ragosta, Holland, and Jam ison (1982), 
Kulik, Bangert, and Williams (1983) and Kinnaman (1990) concluded 
that the  use of com puter technology produced positive results in the 
classroom . When com puters are used a s  a  supplement to regular 
classroom  instruction studen ts learn more, respond positively to the 
instruction, and  exhibit no significant attitude change toward 
subject matter. R esearchers comparing com puter assisted
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instruction with conventional classroom  instruction have reported 
that well-designed CAI can be more effective than conventional 
instruction. While findings to date are  positive, they are 
inconclusive. The purpose of this study w as to determ ine whether 
com puter a ss is ted  instruction of m athem atics produced 
significantly g rea ter improvement in m athem atics perform ance of 
low achieving ninth grade  pupils than teaching m athem atics skills 
without com puter a ss is te d  instruction.
Review of the Literature. Suppes and Morningstar (1969) 
m easured CAI drill and practice by standarized achievem ent tests 
and concluded intensive effort by the classroom  teacher w as just a s  
effective a s  drill and practice on the computer. The computer saved 
time and did not require help from the teacher. Findings in 
Vinsonhaler and B ass 's  (1972) study concluded CAI w as significantly 
more effective than traditional instruction. CAI drill and practice 
used a s  a  supplem ent to conventional instruction w as found to be 
effective in increasing the  mathematic achievem ent of high and low 
achieving elem entary and secondary students (Bums and Bozeman, 
1981). Average level students showed no significant gain.
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Conclusions of the early studies supported the effectiveness of CAI 
at the elem entary level when used to supplem ent the  conventional 
instruction. R esearch  findings supported CAI's effectiveness for 
slower studen ts in improving student achievem ent and savings in 
student study time.
While CAI research findings generally support the 
effectiveness of CAI, they are not conclusive. As Gourgey's (1987), 
Jam ison, Suppes, and Well's (1974), and  Gilman and Brantley's 
(1988) studies concluded no significant achievem ent gains were 
observed when comparing CAI with other alternative instructional 
techniques, they suggested  that instructional outcom es were 
significantly affected by a  variety of variables. The quality and 
relevance of software, randomization of studen ts and the context in 
which the CAI w as m anaged affected outcom es.
R esearch reported in the early 1980's on the effects of CAI in 
teaching m athem atics, concluded that CBI raised student 
achievem ent from the 50th to the  60th percentile (Hartley, 1977). 
The more recent research findings of Suydam  (1986) concluded that 
CAI tutorials produced higher achievem ent gains than did
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conventional instruction, eight of twelve studies reported no 
significant achievem ent gains betw een com puter and non-com puter 
groups using drill and practice, gam es were reinforcing and 
motivating serving a s  extrinsic reinforcers with college students 
using the gam es to problem solve while only one half of the 
eighth graders viewed the gam es in the problem solving context. 
Suydam (1986) suggested  that with more research in the use of 
com puters in m athem atics, we should acquire greater detailed data  
on how to use com puters more effectively. In light of the 
relationship betw een com puter a ss is ted  instruction and its 
influence on the m athem atics achievem ent of low achieving 
students, the need to evaluate its effectiveness in developing 
opportunities for student remediation and  for increasing the 
understanding of com puters in improving student m athem atics 
achievem ent w as evident.
M ethodology. The sam ple consisted of four c lasses (N=46) of 
9th g raders who scored at the 30th percentile or lower on the ITBS 
a s  8th graders. Two c lasses  were taught augmented with CAI, and 
two c la sses  w ere taught without CAI. CAI teachers selected
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commericatly produced software providing for drill and practice, 
simulation, and gam es to teach the m athem atical skills of 
computation, concepts, and problem solving. All teachers used a  
structured lesson model format with appropriate models and 
exam ples provided for the skill taught. T eachers checked for 
understanding and provided for independent practice activities.
Each teacher had a  full sized classroom. CAI teachers taught in the 
m athem atics com puter lab with 16 Apple lie microcomputers. 
Comparison groups were taught at alternating periods third through 
sixth to control for differences of instructional time of day.
Mathematics sub tests of the ITBS and  TAP for computation, 
concepts, and problem solving were adm inistered to all students a s  
pretest and posttest m easures of achievement. A repeated m easures 
analysis of variance was used to analyze data.
Major Findings.
For all four hypotheses, the analysis was conducted a s  a  two- 
step  process. The first step  for each hypothesis was to test the 
overall null hypothesis of no difference in the m eans for the 
different groups. If statistical difference w as found betw een the
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com puter vs. non-computer groups, the second step  of the analysis 
required follow-up tes ts  to be conducted to explain group 
differences. Findings for each  hypothesis are reported a s  follows:
1. For the  dependent variable total math score, the analysis of 
variance indicated effects for group (E(1,44) = 4.924, p.< .05, time 
(E(1,44) *53.941, &< .001, and the interaction of group and time
(E(1,44) * 6.451, £< .02). The repeated m easures analysis of 
variance results for total math, indicated there w as som e difference 
betw een com puter and non-computer groups, there w as a  difference 
between p retest and posttest, and there w as an interaction between 
groups and time. Post-hoc comparison data based on the Tukey test 
revealed the following. The non-computer and the computer groups 
were equal a t the  start of the study. Posttest com parisons of the 
non-computer to the com puter group indicated no difference. Non­
com puter group gains from pretest to posttest were not significant. 
Com puter group gains from pretest to posttest indicated significant 
score growth. Post hoc comparison data indicated that only the 
computer group gained.
2. For the  dependent variable computation math score, the
analysis of variance indicated effects for group (£(1,44) -  3.115, ja< 
.085), time (£(1,44) -  57.817, £< .001), and the interaction of group 
and time (£(1,44) ■ 2.108, u< .154). The repeated analysis of 
variance results for computation indicated there was no difference 
betw een com puter and non-com puter groups, there w as a  significant 
gain from pretest to posttest. However, there was no significant 
interaction betw een groups and time. Students receiving com puter 
a ss is ted  instruction in com putation with num bers of m athem atics 
did not show significantly greater gains on a quantitative m easure 
of com putation than studen ts receiving instruction with 
conventional teaching m ethods.
3. For the dependent variable concepts, the analysis of 
variance indicated effects for group (£(1,44) -  2.385, &< .130), time 
(£(1,44) -  3.965, &< .053, and the interaction of group and time 
(£(1,44) -  3.688, £< .061). The repeated m easures analysis of 
variance results for concepts indicated there was no difference 
betw een com puter and non-com puter groups, no difference in pretest 
and posttest and no significant interaction between groups and time.
4. For the dependent variable problem solving, the analysis of
variance indicated effects for group (E(1,44) -  .012, &< .914), time 
(E(1,44) -  1.741, &< .194), and the interaction of group and time 
(E1.44) -  1.741, q < .194). The repeated m easures analysis of 
variance results for problem solving indicated there w as no 
difference between com puter and non-computer groups, no 
difference in p retest and posttest, and no significant interaction 
betw een groups and time. For problem solving, no significant 
difference in achievem ent gains were found betw een students 
receiving com puter assisted  instruction and those  not receiving CAI.
5. For the dependent variable sem ester exam scores, the 
analysis of variance indicated effects for group (E(1,44) -  1.193, a<
0.281), time (E(1,44) ■ 136.776, &< .001 and the interaction of group 
and time (E(1,44) -  .004, &< .952). The repeated m easures analysis 
of variance for exam s indicated there w as no difference between 
com puter and non-com puter groups, a  significant difference in 
p retest and  posttest, and no significant interaction betw een group 
and time. There w as no significant difference in the performance of 
th e  non-com puter and com puter groups on th e  district city-wide 
exam s.
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Conclusions
From th e  analysis of results, major findings led to the 
following conclusions:
1. S tudent u se  of computer assisted  instruction to improve 
total M athem atics skills of low achieving 9th grade students 
produced resu lts that w ere greater by statistical significance a t &< 
.05 than those  produced by conventional instruction. Students 
receiving com puter a ss is te d  instruction gained 17.857 points from 
p retest to posttest, increasing national percentile scores from a 
group mean rank of 11th percentile to the 30th percentile.
2. When sub test computation w as m easured, students 
receiving CAI produced no significant difference in achievem ent than 
students receiving conventional teaching m ethods.
3. For subtest concepts, achievement results for CAI students 
w ere not significantly different than s tuden ts  receiving 
conventional teaching m ethods.
4. In th e  sub test skill area  of problem solving, there were no 
significant achievem ent gains for the com puter group or the non­
com puter group.
83
5. Sem ester exam s produced no significant difference in 
perform ance of the com puter and the non-com puter groups. 
Discussion
With the main effect by group, main effect by time, and the 
interaction effect of this study being significant at the p< .05 for 
total math score, there w as an indication of difference betw een the 
non-com puter and computer groups. The first step in the repeated 
m easu res analysis of variance answered the  question, did the 
com puter assis ted  instructed students perform differently than the 
non com puter students. All three tests indicated their w as a 
significant difference. Interaction effect group and time com pared 
the four m eans of group non-computer and computer and of time 
p retest and  posttest. Once they interacted, they could not be looked 
at independently. They w ere tied together, and the reported 
significance indicated som e complexity betw een group and time.
Post hoc tes ts  established that the non-computer groups (mean 
141.280) and the computer groups (mean 141.905) started on an 
equal basis. Post hoc comparison data revealed that the non­
com puter group growth was not significant, and that the com puter
84
group had a  significant difference in growth from pretest to 
posttest. Only the com puter group had significant achievem ent 
gains. The statistical da ta  reported supports the findings of Kulik's 
1983 synthesis of recen t com puter assisted  instruction stud ies 
which concluded that com puter assisted  instruction produced 
stronger effects on studen t achievem ent than conventional 
instruction.
Although the post hoc comparison Tukey test determined the 
m ean difference of 9.802 to be  less than the required 17.45 for 
significance, there w as a  definite pattern developing suggesting 
that the com puter group w as performing better than the non 
-com puter group.
On the following page, Figure 2 presents the pattern.
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Figure 2 . Interaction effect group and time comparison of the four 
m eans.
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While findings for total math supported a  favorable direction 
for the com puter group with an average achievem ent gain of 9.802, 
none of the subskill's interaction findings reported any significance 
of the com puter group or the non-computer group. In this study, a  
num ber of diverse indices of total math achievem ent were used: (a) 
su ccess  in problem solving, (b) success in computation, and (c) 
su ccess  in concepts. The program was not focused in one a rea  but
86
several a reas . Small improvements in achievement gains in the 
individual sub-skills a re a s  could add up to produce significant 
effects in total math scores and did. The cumulative effect of the 
sub com ponents did show the advantage of computer instruction.
The data  indicated gains in the non-computer group from 
141.280 to 149.960. This represen ts students scoring at the  11th 
percentile rising to the 17th percentile. Although the gain w as not 
statistically significant, it do es indicate a  growth trend of the non­
computer group. Gains in the computer group, however, were 
statistically significant increasing from a  pretest m ean of 141.905 
to a  posttest m ean of 159.762. This gain m eans the com puter group 
improved from the 11th percentile to the 30th percentile.
The findings have practical implications for the educator.
Given the dem ands placed on superintendents to improve student 
m athem atics sco res on national te s ts  by a  variety of constituencies, 
superintendents can draw support from the empirical data  to request 
funds from school boards to offer such instruction. T eachers and 
principals can use  these  da ta  to help improve classroom  instruction 
in mathem atics.
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Gains like this have educational implications for students. 
S tuden ts receiving com puter assisted  instruction may improve 
deficits in m athem atics perform ance. With the 25th percentile on 
the ITBS indicating potential student failure on the S tate literacy 
passport test, study gains of 13 percentile points can  move students 
to accep tab le  perform ance levels. Study gains suggest that students 
receiving com puter a ss is ted  instruction to rem ediate m athem atics 
deficiencies would receive greater perform ance benefits than non­
com puter students. The student aspiring to attend college may 
benefit from com puter a ss is ted  instruction in enhancing 
m athem atics skills. As observed, there w as a  pattern of growth 
improvement in the non-computer group where teachers used 
conventional instruction (directed teaching) and significant growth 
w as observed where teachers used com puters to augment 
conventional instruction. Com puter assisted  instruction could move 
all s tuden ts  to improved perform ance levels.
Several factors may have influenced study results. Jam ison, 
Suppes, and Wells (1974), Gourney (1987), and Gilman and Brantley 
(1988) suggested  that instructional outcom es were significantly
affected by a  variety of variables which included the quality and 
relevance of software, randomization of students and the context of 
CAI m anagem ent. Although the software w as reviewed by study 
teachers for curriculum match and relevance, it w as the first time 
the teachers had used and managed the software. While the 
Minnesota Educational Computing Consortium (MECC), the High School 
Math Com petency Series, and Barnum, (1987) software were matched 
to the  curriculum and a sse ssed  to be age appropriate, student 
com m ents reflected som e program s to be childish. This appeared to 
be especially true for problem solving software.
Another factor which may have influenced study results was 
associated  with the gam es software. As Suydam (1986) concluded 
that while gam es w ere reinforcing and motivating serving as 
extrinsic reinforcers with college students using the  gam es to 
problem solve only one half of the 8th graders viewed the gam es in 
the problem solving context. Study teachers commented that 
students were excited to u se  the computers and were motivated to 
use them . However, they observed that many students worked 
through the  problem solving gam es software for the expressed
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purpose of being able to play the gam e. The student's behavior 
suggest that the gam es software w as not viewed in the problem 
solving context.
Since problem solving as a  m athematical skill w as primarily 
p resen ted  within the  context of gam es, this variable could have 
impacted on study results. Most of the skill a reas had two problem 
solving gam es. S tudents that had finished an assignm ent or wanted 
to review a skill w ere encouraged to use  the software programs to 
reinforce the skill learned. Study teachers com m ented that for 
som e students the objective was to play the gam e. Although 
teachers attem pted to control this behavior by awarding a  daily 
score  on the software program, som e student's continued to solve 
the problems by random trial and error. Seldom did students use a 
wide variety of problem solving stra teg ies to complete the task.
Empirical da ta  collected on CAI research by Burns and Bozeman
(1981), Ragosta, Holland, and Jam ison (1982), Kulik, Bangert, and 
Williams (1983), and  Kinnaman (1990) concluded that students learn 
more when CAI w as used a s  a  supplem ent to conventional classroom 
instruction. For m athem atics, Gourgey (1987) suggested that formal
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instruction coordinated with drill and practice was essen tia l for the 
developm ent of conceptual skills and for the developm ent of the rote 
skills of computation. For concepts and  computation, a  formal 
explanation of the concepts and procedures appears to influence 
student understanding. CAI groups received formal instruction on 
the concepts and procedures. There w ere no significant achievem ent 
gains for computation and concepts. The computer served a s  the 
primary source for dependent and independent practice of the 
concepts and procedures.
Informal observations by study teachers offer an explanation 
for insignificant gains. For the High School Math Competency Series 
software, studen ts responded to problem s by selecting one of four 
multiple choice answ ers. Correct or incorrect response w as 
indicated on the computer monitor. Students were allowed a  second 
opportunity to answ er the problem. If the  selection w as wrong a  
second time, the program advanced to the  next problem. There was 
no explanation given in the program as  to why a  student's answ er 
w as incorrect. Students appeared to be guessing at answ ers on the 
com puter and in som e c a se s  were observed typing the wrong answ er
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on the com puter several tim es suggesting a  lack of understanding of 
the concepts tested . The Barnum, (1987) software did not provide 
an explanation for incorrect student responses. The race car slowed 
down with an incorrect answ er and accelerated  with correct 
responses.
The MECC software provided 2 to 5 answers to a  problem but 
only one opportunity to answer. Program feedback to students w as 
provided by statem ents, yes you a re  correct or no you are  wrong-try 
again. If a  student w as incorrect, the MECC software programs gave 
an explanation to the students of why their selection was wrong. 
S teps to successfully solve the problem were listed. Although MECC 
software program s w ere used in most of the skill a reas, they were 
not used in the a reas  of geom etry, m easurem ent, probability, 
intergers and algebra, multiplication and division of fractions, 
substracting decim als and the  application of multiplying and  
dividing whole num bers and decimals. The High School Math 
Competency Series w as the software program used in these  areas. 
The lack of software selection that provided for explanation of 
incorrect student responses throughout all skill a reas may have
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influenced study results.
Study teach ers  commented that the students had som e 
difficulty in reading the computer program s. Although the program s 
were m atched for curriculum content and age appropriateness, 
com puter teachers expressed that som e students had difficulty 
comprehending the programs. Study teachers stated  this was 
especially true for word problems. Even with com puter instruction 
program m ed a t several levels of difficulty, teachers 
comm ented on the observed and expressed  frustration of som e 
students. One instructor commented that one student refused to 
attem pt any of the word problems in the programs, and it w as only 
after continued reinforcement by the teacher that the student made 
an attempt. Each of the computer teachers observed students 
guessing at answ ers. When questioned by teachers, students could 
not explain their answ ers. Some students requested teacher 
assistance  in reading the problems. To som e extent, study results 
could have been  influenced by student reading level.
The findings and subsequent conclusions sta ted  in this study 
should be generalized only to sample populations studied under
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similar conditions. The researcher concluded that com puter 
a ss is te d  instruction w as significant in improving m athem atics 
perform ance of low achieving 9th grade students. Although 
students receiving CAI did not show significant improvement in the 
m athem atical subskills of computation, concepts, and problem 
solving when com pared to students receiving non-computer 
instruction, the cumulative treatm ent effect (CAI) did result in 
significant growth in total m athem atics perform ance. 
Recom mendations for Future R esearch
As a  result of the analysis of the results of this study, the 
following recom m endations are  suggested  to provide additional and 
more conclusive information about the relative effectiveness of 
com puter a ss is ted  instruction in improving m athem atics 
perform ance of low achieving students:
1. A study which would provide explanatory software for each 
of the subskill a re a s  of computation, concepts, and problem solving 
could be com pared with this study .
2. R esearch and developm ent of software that has the best 
instructional design for student achievem ent level and the difficulty
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level of the tasks is essential. Educators must investigate software 
program s to determ ine the most appropriate instructional design.
3. A longitudinal study of the effects of com puter assisted  
instruction in improving m athem atic skills of low achieving 
students would address the novelty effects which decline over years 
and would help to determ ine the long term effects of computer 
a s s is te d  instruction.
4. Research to investigate the use of special computer 
features to determ ine the best conditions for learning would be 
beneficial in exploring the potential of com puters in improving and 
in changing the p rocesses of teaching mathematics.
5. A study to investigate the use of computers to emphasize 
mathem atical procedural knowledge, how the problem is solved, 
instead of factual knowledge would be beneficial in determining how 
the computer can enhance and change the way students learn. A 
study of the effectiveness of com puter laboratories that simulate 
real m athem atical situations with real facts could provide data  to 
improve com puter instruction.
6. R esearch to investigate the  most effective u se  and types of
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com puter software to improve the  m athem atic skill a reas  of 
computation, concepts, and  problem solving is needed. Studies could 
investigate w hether certain  types of com puter software produce 
better perform ance resu lts than others for specific skill a reas .
7. A study on investigating the quality standards for the 
evaluation of com puter software is essential. The effectiveness of 
microcomputers to improve student perform ance needs to be  
evaluated using the best quality software.
APPENDIX 
Letter to P aren t of Student 
Consent Form
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Dear Parent:
I am a  doctoral student a t the College of William and Mary. In 
partial fulfillment of the requirem ents of the doctoral program, I am 
conducting research  to determ ine w hether com puter assisted  
instruction m akes a  difference in m athem atics perform ance of low 
achieving ninth grade students. The research is being conducted 
with students of Bethel High School in the Hampton City Public 
School Division and has been approved by the research review boards 
of Hampton City Public Schools and the College of William and Mary.
I am asking for your perm ission to allow your son__________
to help with my study. Before you decide you should know the 
following facts:
.This is completely voluntary. No one will hold it against your 
son if you decide not to allow him to participate.
.If you allow him to participate, his name will n o l appear on 
any forms.
.He will be randomly assigned  to an instructional group using 
com puters or an instructional group not using computers. 
(Computer assisted  instruction) or (teacher directed 
in s tru c tio n ).
.The study will not be of detriment to your son but could be of 
b en efit.
.The length of time of the study is two s em esters/one school 
year.
.To protect individual confidentiality all d a ta  will be analyzed 
and reported by group.
.You may have a  copy of the final report of the study if you like.
If you have any questions or wish a  fuller explanation, p lease  
feel free to contact Mr. Thom as E. Bailey, (804) 825-4755 or Dr. 
William G. Bullock, Jr. (804) 221-2325. Also, you may contact Dr.
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Thomas Ward, chairman, School of Education Human Subjects Review 
Committee, if you have any complaints (804) 221-2358.
If you decide to allow your son to join in the study, p lease put 
an X on the line in front of the sentence below and follow the rest of 
the directions.
 YES, I give my permission for my son ________________to
participate in your study.
(PRINT your name here) (SIGN your name here)
I feel that it is important that you discuss this with you son. 
He needs to understand that he can opt out of the study at anytime 
without penalty and he needs to agree to participate. Would you 
please explain this and have you son sign below.
(STUDENT’S assent) (DATE)
Thank you very much,
Thomas E. Bailey 
P rinc ipa l
P lease Return This Consent Form No Later Than Tuesday, August 28, 
1990. A Self Addressed Envelope Is Provided.
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